Labeled (3H or "C) L-alanine was perfused through the xylem vessels of isolated tomato internodes (Lycopersicon esculentum cv. Moneymaker) at various concentrations (10-6 molar to 10-2 molar). At each concentration the escape of L-alanine from the xylem vessels was apparently a first order process, which is in agreement with Horwitz' (1958, Plant Physiology 33:81-93) model for irreversible escape from the xylem vessels. The escape constant (K) decreased at higher concentrations of L-alanine, which implies that Horwitz' model is inappropriate to describe the kinetics of L-alanine escape, and that the escape at least partly is a saturable process. To obtain data that relate the concentration of L-alanine in the xylem vessels and the escape rate of the amino acid, average escape rates per internode were measured and the corresponding concentrations were calculated from the integrated form of the Michaelis-Menten equation.
In the root system of many higher plants inorganic nitrogen taken up from the soil is converted into organic nitrogen, part of which is translocated to the shoot via the xylem vessels. The main organic nitrogen compounds in the xylem sap are amino acids and amides (1, 13, 15) . In tomato, the concentration of amino acids in the xylem bleeding sap is between 1 and 5 mm (8, 20) .
Evidence has been obtained that under our experimental conditions, the free space of the xylem translocation path extends into the phloem area (18) , so that direct transfer of amino acids from xylem to phloem may occur (cf. 9) . The escape of amino acids from the transpiration stream is therefore, an important process in the nitrogen supply of stem and leaves. Investigations on this process in isolated internodes of tomato showed that in perfusion experiments the amount of amino acid that escapes from the xylem vessels is quantitatively absorbed by the surrounding living cells (16, 19, 21) .
The kinetic data of the escape process have been interpreted, so far, by use of the model of Horwitz (5, 16, 17) , in which the escape is regarded as a first order process. Inasmuch as amino acids are selectively absorbed from xylem vessels (16, 19, 21) , it may be expected that the escape will show saturation kinetics. Such kinetic data have been also found for the uptake of amino acids by other plant tissues (2, 7, 11, 12, 22) . The experiments described in this paper were carried out to obtain more information on the escape kinetics of amino acids from xylem vessels.
MATERIALS AND METHODS
Cultivation of Plants and Perfusion Technique. The cultivation of the plants (Lycopersicon esculentum cv. Moneymaker) and the perfusion technique have been described before (17) . Briefly, labeled amino acids were perfused through excised tomato internodes and the radioactivity in the perfusate was counted by liquid scintillation spectrometry. All perfusion experiments were carried out at 27 C.
Perfusion Experiment. To determine the distribution of L-alanine that accumulated during a perfusion experiment along an internode, "C-labeled L-alanine and a different concentration of 3H-labeled L-alanine were successively perfused. The labeled materials were removed from the xylem vessels by washing with distilled H20. After perfusion the internode was immediately cut into sections of I cm. Each section was ground in 0. end. This was actually found, when 4C-labeled or 3H-labeled L-alanine was perfused through tomato internodes (Fig. 1) . Plotting the logarithm of the amount of 14C or 3H in I cm of internode against the distance from the top results in a straight line, the slope of which is equal to -K.
Alternatively, the value of K can be calculated from the relative amount of radioactive L-alanine recovered in the perfusate at the lower end of the internode by use of equation 1 (5, 16): K = (APV/L).ln (C0/Cp) (1) Although for each individual experiment the escape seems to be a first order process, Figure 1 clearly shows that lower K-values were obtained when higher concentrations of L-alanine were perfused. This result may indicate that the escape of L-alanine is a saturable process.
As there is no linear relation between the escape rate and the concentration of L-alanine in the vessels, we measured the average escape rate in the internode (vr) and calculated the corresponding concentration (S.) as follows. The amount of amino acid absorbed by the internode, when a volume F of amino acid solution has perfused, is:
As the perfusion rate is equal to ApV, the time (t) during which a volume F was perfused is equal to F/ApV. The average escape rate per unit length of internode is:
If the escape follows Michaelis-Menten kinetics, the local concentration in the xylem vessels (S.), where the escape rate equals the average escape rate (v), follows from the integrated MichaelisMenten equation: (Fig. 3) (Table II) . DISCUSSION The amino acid escape from the xylem vessels showed first order kinetics in each perfusion experiment, as indicated by a constant K-value along each internode (Fig. 1) . The apparent rate constant of escape (K) decreased with increasing concentrations of perfusing amino acids, which suggests saturation kinetics of the escape process (Fig. 1) . The explanation for these seemingly conflicting results is that the concentration range along the internode was either in the range of first order kinetics (S. s 5 x 10-4 M), or in the range where the escape rate increases approximately linearly with the concentration (S. > 2 x 10-3 M).
We have calculated the distribution of L-alanine along the internode after perfusion, using equations 6 and 7. The resulting lines for the escape of L-alanine along the internode were almost straight in semilogarithmic plots and hardly deviated from the lines shown in Figure 1 .
The kinetics of the escape of alanine from the xylem vessels suggests different possibilities as to the mechanism involved. the free space by the solute (7, 11, 22 . This interpretation, in which uptake is thought to be due to the activity of two independent transport systems, has been given for the uptake of a-aminoisobutyric acid by barley leaf tissue (12) , and for the uptake of several neutral amino acids by intact fronds of duckweed (2).
We prefer to interpret the kinetics of L-alanine escape according to the model advanced by Ehwald et al. (3) . First, it is conceptually obvious that amino acids escaping from the xylem vessels enter the apoplastic spaces of the surrounding tissues before cellular uptake can occur. Second, the volume of the free space of the xylem translocation pathway has been estimated by experiment, and amounts to 2.5 times the volume of the xylem vessels (18 
